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Abstract

lonic equilbria of nickel chloride in hydrochloric acid solutions were analyzed by considering chemical equilibria, mass and
charge balance equations. The activity coefficients of solutes were calculated by using Bromley equation. It was found that most
of species containing nickel existed as Ni** and NiCI*. The mole fractions of nickel hydroxides were very low in the con-
centration ranges considered in this study and the mole fraction of Ni,(OH),*" increased greatly with the pH of the solution. The
pH values of NiCl,-HCI-NaOH-H,O system at 25°C calculated in this study agreed well with those experimentally measured
up to ionic strength of 9.4m.
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Table 1. Thermodynamic data of various chemical reaction.

Reaction K Reference
H*+OH =H,0 1.00x10" 8
NiZ*4+CI=NiCI* 501x107 9
NiZ*+OH =NiOH"* 1.26x10* 8
NiZ*+20H =Ni(OH)," 1.00x10% 8
NiZ*+30H =Ni(OH)y’ 1.00x10'"! 8
2Ni>*+OH=Ni,OH* 2.00x10° 8
4Ni2++4OH‘=Ni.4(OH)44+ 2.00x10% 8
Table 2. Reported values Tor the interaction parameter of 1ons
at 25°C.
Species B S

H* 0.0875 0.103

NiZ 0.054 0.21

Na* 0.0 0.028

cr 0.0643 -0.067

OH 0.076 10|
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Table 3. Experimental and calculated results for the synthetic solutions.
N [NiCL], [HCI], [NaOH], pH pH.y! pH,,2 Ical
! 0.01 0.011 0 2.02 2.04 2.04 0.04
2 0.01 0.097 0 1.10 1.12 1.12 0.13
3 0.01 0.49 0 043 0.43 0.43 0.52
4 0.01 0.99 0 0.22 0.09 0.09 1.02
5 0.01 1.49 0 0.04 -0.13 -0.13 1.52
6 0.10 0.010 0 2.11 2.14 2.13 0.31
7 0.10 0.098 0 1.01 1.15 1.14 0.40
8 0.10 0.50 0 0.57 0.42 0.42 0.80
9 0.10 1.00 0 0.18 0.08 0.08 1.30
10 0.10 1.49 0 -0.02 -0.14 -0.13 1.79
11 0.50 0.0097 0 2.13 2.13 2.15 1.50
12 0.50 0.50 0 0.42 0.37 0.40 1.99
13 0.50 1.00 0 0.21 -0.1t -0.02 3.46
14 0.50 2.00 1.00 0.12 0.01 0.06 248
15 0.50 2.00 1.50 0.20 0.19 0.28 3.46
16 1.00 0.50 0 0.30 0.26 0.38 3.45
17 1.00 1.00 0 -0.14 -0.10 0.05 3.93
18 1.00 2.00 1.50 0.03 0.07 0.27 4.87
19 2.00 0.50 0 -0.07 0.03 0.35 6.24
20 2.00 1.00 0 -0.22 -0.34 0.02 6.66
21 2.00 1.99 0 -0.88 -0.76 -0.35 7.42
22 2.00 2.00 1.00 -0.38 -0.46 -0.05 742
23 2.00 2.00 1.50 -0.31 -0.16 0.25 742
24 3.00 0.10 0 0.56 0.54 1.04 8.36
25 3.00 1.00 0 -0.55 -0.56 -0.0 8.90
26 3.00 220 0 -1.05 -1.02 -0.43 9.46
27 3.00 2.00 0.50 -0.72 -0.84 -0.24 9.37
28 3.00 2.00 1.00 -0.69 -0.66 -0.07 9.36

pH,,': calculated values of pH by using the equilibrium constant of NiCI* shown in Table I,
pH,: calculated values of pH by using the equilibrium constant of NiCl* and NiCl,° shown in Eq. (9) and (10)

1. of Korean Inst. Resources Recycling Vol. 12, No. 3, 2003




HEEAAROlA Bromley 218 RIS B b7l

sy

Bad 23719 SYAE Table (o] WEkd wHe slst
‘ﬂ%ﬂ 37H-4 ?—EXV\Z] , Ul A713 #4443 11
ZA ] ‘3‘! 7o) B9 gErlos
1‘?51 T —’F ,\‘ﬂr o|9} o] F& 237)9] =HHQ
A& FAll HEA7IE dlE 7] 98ke] Newton-
Raphson#& ©] &It oluf o] Fiole,
Haole] Z7lEEE Msido] ¢ds] sjeldrt 7t

Zgsto] 3

3.2 o|=2HY &M

Faba) Ashae) E3RgAg walksly] 3 £ oA
FollA A3 NiCl,-HCI-NaOH-H,0A1 ¢ 24 7}
25°ColA] pH 2478 Table 391 VERITH Table 30]
Al AsAe] FrdtdE molalitye]th A7) Ale] &%
golof] djal] & Aol Aakst o)) Fe)l &
TEAFE A (®)° tiygatd §49) pHA(pH.,',
pH e F8em, o] HEF o] AT E Table 39
UERRTE. Table 30l WFERH pHgkellM pH, 12 WA=
Faol27tel HEFEATE Table 19] VERE ke
AMESE 79-9] AAES YERAT

pH=—log(TH"Ty,) ®

Aol 243 pHRE AN pH,'YS Hlast
7] $13l Fig. 1o F pH#EE Ze] e Table 3
7 Fig. 125€ pH -1.05} 2.54k0]9] HejollA & <
Folxl AL pHgk(pH, )2 $3%e] o4 % 94m

25

20
15
10

05

pHca\c
@

051

15 s 1 3 L 1 L 1
15 1.0 05 0.0 05 1.0 15 20 25

p Hexpt

Fig. 1. Comparison of pH values between experimentally
measured and calculated in this study.
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of NiCl, ([HCI]=1.0 m).
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